The Spemann organizer can be subdivided into head-and trunk-inducing tissues along the anteroposterior axis (Mangold, 1933. Naturwiisenschaften 43, 761±766; Spemann, 1931. Wilhelm Roux Arch. Entwicklungsmech. Org. 123, 389±517). Recent studies have suggested that head formation is brought about by repression of both Wnt and BMP signalling (Glinka et al., 1998. Nature 391, 357±362; Glinka et al., 1997. Nature 389, 517±519). Several Wnt inhibitors secreted from the head organizer region have been identi®ed in Xenopus, such as Cerberus (Bouwmeester et al., 1996. Nature 382, 595±601), Frzb-1 (Leyns et al., 1997. Cell 88, 747±756; Lin et al., 1997. Proc. Natl. Acad. Sci. USA 94, 11196±11200), and Dkk-1 (Glinka et al., 1998. Nature 391, 357±362), supporting this two-inhibitor model. To isolate genes expressed in the head organizer, we screened a prechordal plate cDNA library by sequencing and expression pattern, and isolated the Xenopus ortholog of chick crescent encoding a Frizzled-like domain that is related to Wnt-binding regions of the Frizzled-family proteins. Expression of Xenopus crescent was ®rst detected in the Spemann organizer region at the early gastrula stage and later in prechordal plate cells lining the boundary of mesoderm and ectoderm layers and in the anterior endoderm. At tailbud stages, the expression in the endomesoderm region was diminished, while expression in the pronephros became detectable. In animal cap assays, crescent gene was synergistically upregulated by coexpression of Xlim1, Ldb1, and Siamois, but not by Activin treatment. q
Results and discussion
The longest cDNA clone of P4F1 (see Section 2) has an open reading frame encoding a protein related to chick Crescent. Predicted proteins of Xenopus P4F1 and chick Crescent share 90% identity in the Frizzled-like domain and overall share 64% identity, and therefore P4F1 is referred to as Xenopus crescent (Fig. 1) . Xenopus crescent encodes a stretch of 20 amino acid residues containing highly hydrophobic cluster near the N-terminus, similar to chick Crescent. Since this hydrophobic region does not ®t the criteria of canonical signal sequences (von Heijne, 1986) , it could not be predicted whether Xenopus Crescent is secreted from the cell or located extracellularly as a membrane-anchored protein, as has been postulated for chick Crescent (Pfeffer et al., 1997) .
The spatial and temporal expression pattern of the crescent gene during Xenopus embryogenesis was analyzed by wholemount in situ hybridization (Fig. 2) . At the onset of gastrulation, crescent transcripts were detected in the dorsal blastopore lip, a region known as the Spemann organizer ( Fig. 2A) , and in the anterior involuting endomesoderm at the mid-gastrula stage (Fig. 2B) . At the early neurula stage, the transcripts became localized to the area corresponding to the prechordal plate (Fig. 2C) . To examine the expression domain in the prechordal plate more precisely, stained embryos were sectioned sagittally, and stained with DAPI to distinguish germ layers by the differences in nuclear density. As seen in Fig. 2D , the signal was detected mainly in the prechordal plate cells lining the boundary of the mesoderm and ectoderm layers. As neurulation proceeds, the expression area becomes smaller and narrower ( Fig. 2E) , concomitant with the regression of the prechordal plate by stage 21 (Nieuwkoop and Faber, 1967) . A sagittal section shows that signals are seen in anterior tip of prechordal plate and endoderm ( Fig. 2F ). At the tailbud stage, crescent expression in the prechordal plate had faded away, while expression in the pronephros was now detected (Fig. 2G,H) . The expression in the pronephros could be detected from stage 20 onward (not shown).
Since crescent is expressed in the Spemann organizer, we next examined how its expression is regulated using animal cap assays. Northern blot hybridization detected 2.7-kb transcripts of crescent at gastrula stages as expected (Fig.   3 ). As shown in Fig. 3A ,B, activation of the crescent gene was not detected after the injection of synthetic mRNA encoding for organizer-speci®c factors such as an active form of Xlim1 (3m) (Taira et al., 1994) , combination of Xlim1 and Ldb1 (Agulnick et al., 1996) , or Otx2 (Pannese et al., 1995) . Interestingly, the crescent gene is weakly activated by Siamois, another organizer-speci®c transcription factor (Carnac et al., 1996) , and synergistically by the combination of Xlim1, Ldb1, and Siamois. In contrast, the BMP-antagonists Chordin (Sasai et al., 1995) and Noggin (Lamb et al., 1993) activated the neural marker zic3 (Nakata et al., 1997) but not crescent (Fig. 3B) , indicating that neuralization does not lead to crescent expression. These data are consistent with the organizer-speci®c expression of crescent. Activin is known to induce the dorsal mesoderm in animal caps (Asashima et al., 1990; Smith et al., 1990 ), however, treatment with 100 pM of Activin did not activate the crescent gene, even though chordin was signi®cantly upregulated at this concentration (Fig. 3C) as reported (Sasai et al., 1994) . Xlim-1 and siamois are downstream of Activin-like signalling (Rebbert and Dawid, 1997; Taira et al., 1992) and Wnt signalling (Brannon et al., 1997; Carnac (Nieuwkoop and Faber, 1967) . Arrowheads indicate the dorsal blastopore. A, anterior; D, dorsal; en, endoderm; lp, lateral plate; nc, notochord; ne, neuroectoderm; p, pronephros; pcp, prechordal plate. et al., 1996) , respectively, and, as shown in Fig. 3 , both transcription factors with Ldb1 activate the crescent gene, suggesting that its expression requires both mesodermalizing and dorsalizing signalling.
Materials and methods
A unidirectional cDNA library of prechordal plate was constructed using Xenopus stage 12.5-embryos and a ZAP cDNA synthesis kit (Stratagene). Clones were randomly picked after eliminating highly expressed clones by plaque hybridization using [ 32 P]-labeled cDNA probe generated with RNA from the trunk and tail regions of stage 26 embryos. Inserts were ampli®ed by PCR with SK and T7 primers, analyzed by partial sequencing from the 5 H end, and used to synthesize antisense DIG-RNA probes using an in vitro RNA synthesis kit (Behringer Mannheim). Wholemount in situ hybridization of albino embryos with DIG-RNA probes was performed with an automated ISH system (AIH-101, Aloka) according to the method of Harland (Harland, 1991) . Stained embryos were sectioned at 15 mm, and nuclei were stained with DAPI. Partial DNA sequence of clone P4F1 was found to encode a peptide sequence similar to chick Crescent. Using clone P4F1 as probe, a gastrula cDNA library was screened, and four positive clones were obtained.
Manipulation of Xenopus embryos, microinjection of synthesized mRNAs into embryos, and Northern blot hybridization were as described previously (Taira et al., 1994) . Embryos were staged according to Nieuwkoop and Faber (Nieuwkoop and Faber, 1967) . Synthetic mRNAs were injected into both blastomeres near the animal pole at the 2-cell stage. Animal caps were dissected at stages 8±8.5, and cultured until sibling embryos reached stages 11±12. Five mg of total RNA from animal caps were electrophoresed in each lane, and RNA blots were hybridized with [ 32 P]-labelled crescent, chordin, and zic3 probes, sequentially. A zic3 cDNA clone (1.6-kb insert) was obtained during a gene screen in our laboratory and used as probe. Neuralization by Chordin or Noggin does not lead to crescent expression (C) Activin does not upregulate the crescent gene. Animal caps were dissected at stages 8±8.5, and cultured in the presence (1) or absence (2) of 100 pM of Activin until sibling embryos reached the mid-gastrula stage (stage 11). Transcripts of crescent, chordin, and zic3 were indicated on the ®gure. 18S rRNA stained with ethidium bromide is for loading control. Amounts of injected mRNAs (pg/embryo): globin, 500; 3m, 250; Xlim1/Ldb1 (H), 250 each; Xlim1/Ldb1 (L), 125 each; siamois (H), 50; siamois (L), 25; otx2, 250; chordin, 400; noggin, 50. 
